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57] ABSTRACT

A transversal SAW filter capable of reducing the effect of
diffraction to achieve desired transmission characteristics
without increasing the size of the surface wave substrate
includes first and second IDTs arranged on a surface wave
substrate so as to be spaced from each other by a predeter-
mined distance. The first IDT has a plurality of impulses and
the impulse in the 2n-th (n is a natural number) position
counted from an 1impulse located at a maximum cross length
in the O-th position toward the second IDT has a magnitude

which is equal to a magnitude of the (2Zn-1)-th impulse
multiplied by -1.0.

12 Claims, 13 Drawing Sheets
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SURFACE WAVE FILTER WITH A
SPECIFIED TRANSDUCER IMPULSE TRAIN
THAT REDUCES DIFFRACTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to surface wave filters and,
more particularly, to a transversal surface wave filter
wherein a plurality of interdigital transducers IDTs are
formed on a surface wave substrate.

2. Description of the Related Art

A transversal surface acoustic wave (hereinafter referred
to as SAW) filter has a structure wherein a plurality of IDTs
are formed on a surface wave substrate. An example of such

a SAW filter will be described with reference to FIG. 1.

A SAW filter 1 has IDTs 3 and 4 arranged on a surface
wave substrate 2 such that the IDTs are spaced from each
other by a predetermined distance. The surface wave sub-
strate 2 1s configured by a piezoelectric substrate, or an
insulated substrate on which a piezoelectric thin film 1s
formed. One of the IDTs 3 and 4 functions as an mput IDT
and the other of the IDTs 3 and 4 functions as an output IDT.
Each of the IDTs 3 and 4 is constituted by a pair of
comb-like electrodes having a plurality of electrode fingers
which are interdigitated with each other.

In order to obtain desired transmission characteristics, as
shown 1n FIG. 1, in a typical SAW filter 1, one of the IDTs
of the filter 1, 1.e., the IDT 3, 1s constituted by a normal IDT
whose electrode fingers are interdigitated with each other
such that there 1s a constant length of the fingers by which
the fingers extending from opposite directions overlap each
other (hereinafter referred to as “cross length”). The other
IDT, 1.¢., the IDT 4, 1s constituted by an ID'T whose electrode
fingers are interdigitated with each other so as to have
welghted or non-uniform cross lengths.

In a conventional SAW filter 1, one of the IDTs thereof,
1.€., the IDT 4, has weighted cross lengths to obtain desired
transmission characteristics of the filter. However, since the
IDT 4 includes a plurality of relatively small cross lengths,
there has been a problem 1n that if the overall cross length
1s not sufficient, diffraction makes 1t difficult to obtain the
desired transmission characteristics, thereby deteriorating
the filter characteristics.

It 1s possible to reproduce an impulse train corresponding
to the desired transmission characteristics by forming the
IDT 4 to be relatively large, so that even the relatively
smaller cross lengths are sufficiently large for such a pur-
pose. However, such a configuration makes the size of the
surface wave substrate 2, especially the width thereof too
large, which makes the device too large as a whole and
increases the cost. In addition, this makes the impedance too
low, resulting in a possibility of deterioration of character-
istics due to triple transit echoes (T.T.E.). It is therefore
impossible to obtain sufficient characteristics by only mak-
ing the surface wave substrate 2 larger.

SUMMARY OF THE INVENTION

To overcome the above problems with conventional SAW
filters, the preferred embodiments of the present imnvention
provide a SAW filter having IDTs with weighted cross
lengths wherein the effect of diffraction can be reduced to
make 1t possible to reliably obtain desired transmission
characteristics without having to use a large surface wave
substrate.

According to the preferred embodiments of the present
mvention, a SAW filter includes first and second IDTs
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arranged on a surface wave substrate and wherein the first
IDT has weighted cross lengths so that the interdigitated
finger electrodes create an 1impulse train having only a main
lobe and having no side lobe, as described more completely
below.

A SAW filter according to the preferred embodiments of
the present invention 1s arranged such that 1n the impulse
train of the first IDT, the impulse in the 2n—th (where n is a
natural number) position counted from the maximum
impulse, 1.e., the O-th impulse, in at least either of the
directions toward and away from the second IDT has a
magnitude which is equal to a magnitude of the (2n-1)-th
impulse multiplied by -1.0.

Preferably, the absolute value of the 2n—th impulse at the
end of the first IDT which 1s closer to the second IDT 1is

smaller than that of the (2n-1)-th impulse.

The preferred embodiments of the present invention may
be applied to any SAW filter as long as such a filter has a
structure wherein first and second IDTs as described above
are located on a surface wave substrate. For example, the
surface wave substrate may be a piezoelectric substrate
made of piezoelectric ceramic, piezoelectric single crystal
and the like or a part obtained by forming a piezoelectric thin
film such as a ZnO thin film on an mmsulated substrate.

When a surface wave substrate having a structure
obtained by forming a piezoelectric thin film on an msulated
substrate 1s used, the first and second IDTs may be formed
between the piezoelectric thin film and the insulated sub-
strate.

Further, SAW f{ilters to which the preferred embodiments
of the present invention can be applied include filters having
first and second IDTs arranged to have the relationship as
described above and filters having another IDT formed on
the surface wave substrate, 1.¢., those having three or more
IDTs located on a surface wave substrate. In the latter case,
the advantages of the preferred embodiments of the present
invention can be achieved by forming two of the IDTs as the
first and second IDTs as described above.

In a SAW filter according to the preferred embodiments of
the present invention, a reflector such as a grating reflector
may be provided at a location spaced from the first and

second IDTs in the direction of the propagation of surface
waves.

Moreover, a SAW filter according to the preferred
embodiments of the present invention may include a first
IDT as described above, and any configuration for the
seccond IDT because the preferred embodiments of the
present 1nvention are not limited to any particular configu-
ration of the second IDT. Specifically, the second IDT may
be a normal IDT having uniform cross lengths or an IDT
having varying cross lengths.

In a SAW filter according to the preferred embodiments of
the present mvention, the 2n—th impulse at the first IDT has
a magnitude that 1s the magnitude of the (2n-1)-th impulse
multiplied by —1.0. Theretfore, the distribution of the inter-
digitated portions of the IDT 1s biased toward one side when
viewed 1n the direction 1n which the impulses propagate.
Specifically, as will be apparent from at least one of the
preferred embodiments of the present invention to be
described later, one end of each impulse 1s aligned with one
end of the impulse that 1s located at a maximum cross length
and with one side edge of the surface wave substrate 1n the
arca wherein the 2n—th impulse has a magnitude which is the
magnitude of the (2n-1)-th impulse multiplied by —1.0. As
a result, the effect of diffraction associated with the propa-
gation of surface waves 1s reduced.




J,803,524

3

In addition to the reduction of diffraction, basic transmis-
sion characteristics are not subjected to significant changes
because the weighting 1tself 1s left almost unchanged.

In short, the preferred embodiments of the present inven-
fion are arranged to have an impulse train that reflects
desired transmission characteristics, the 2n—-th 1mpulse 1s
made to have a magnitude which 1s —1.0 times that of the
(2n—-1)-th impulse to reduce diffraction with no substantial
change 1n transmission characteristics, thereby achieving
desired filter characteristics.

Further, 1n the configuration wherein the 2n—-th impulse at
the end of the first IDT closer to the second IDT has an
absolute value smaller than that of the (2n-1)-th impulse,
one end of the 2n—th impulse at the end 1s farther from the
side edge of the surface wave substrate than one end of the
(2n-1)-th impulse. Specifically, while one end of each of the
impulses from the 1mpulse located at the maximum cross
length up to the (2Zn-1)-th impulse immediately before the
2n-th impulse at the end 1s aligned with one side edge of the
surface wave substrate, one end of the 2n—-th impulse at the
end 1s not aligned with the ends of the other impulses and 1s
located 1nside the surface wave substrate. Although the
disconfinuity of the distribution of an electrical field tends to
excite unwanted waves at the end of the first IDT closer to
the second IDT, this configuration suppresses such excita-
fion of unwanted waves to 1improve transmission character-
istics Turther because of the formation of the 2n—th impulse
at the end as described above.

For the purpose of illustrating the invention, there 1s
shown i1n the drawings several forms which are presently
preferred, 1t being understood, however, that the invention 1s
not limited to the precise arrangements and instrumentalities
shown.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view 1llustrating a conventional SAW

filter.

FIG. 2 1llustrates attenuation-frequency characteristics to
be obtained.

FIG. 3 1illustrates an example of an impulse train to
achieve the characteristics shown 1n FIG. 2.

FIG. 4 1s a plan view of an IDT configured to obtain the
impulse train shown in FIG. 3.

FIG. 5 schematically illustrates a configuration of a con-
ventional SAW filter.

FIG. 6a 1s a schematic configuration diagram 1llustrating
the structure of an electrode of a SAW filter according to a
first preferred embodiment of the present invention.

FIG. 6b 1s a plan view 1llustrating the finger electrode
coniliguration of the first preferred embodiment of FIG. 6a.

FIG. 7 1llustrates attenuation-frequency characteristics of
a conventional SAW filter.

FIG. 8 1llustrates attenuation-frequency characteristics of
the SAW filter according to the first preferred embodiment
of the present invention.

FIG. 9 1llustrates a impulse train at a first IDT of a SAW
filter according to the second preferred embodiment of the
present mvention.

FIG. 10 1s a schematic configuration diagram 1llustrating
the structure of an electrode of the SAW filter according to
the second preferred embodiment of the present invention.

FIG. 11 1s a plan view of the first IDT of the SAW filter
according to the second preferred embodiment of the present
invention.
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FIG. 12 1llustrates an 1impulse train at a first IDT of a SAW
filter according to a third preferred embodiment of the
present 1nvention.

FIG. 13(a) is a schematic configuration diagram illustrat-
ing the structure of an electrode of the SAW filter according
to the third embodiment of the present imnvention.

FIG. 13(b) is a partial enlarged view of an end portion of
the first IDT.

FIG. 14 1s a plan view of the first IDT of the SAW filter

according to the third preferred embodiment of the present
invention.

FIG. 15 illustrates attenuation-frequency characteristics
of the SAW filter according to the third preferred embodi-
ment of the present mnvention.

FIG. 16 1s a schematic configuration diagram 1llustrating,
the structure of an electrode of the SAW filter according to
a fourth preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 2 1illustrates an example of desired transmission
characteristics of a SAW filter. In FIG. 2, the solid line A
indicates attenuation-frequency characteristics which are
plotted 1n accordance with the coordinates shown 1n FIG. 2,
and the broken line B indicates the attenuation-frequency
characteristic of a major part which 1s plotted with the
attenuation shown along the vertical axis magnified five
fimes.

FIG. 3 shows an impulse train which 1s obtained by
performing mverse Fourier transformation on the transmis-
sion characteristics shown 1n FIG. 2. FIG. 4 shows an IDT
coniigured based on the impulse train shown 1n FIG. 3.

The IDT shown i FIG. 4 corresponds to the above-
described IDT 4 shown 1 FIG. 1 and has weighted cross
lengths to achieve the impulse train shown 1n FIG. 3. The
line formed by connecting the portions of the IDT 14 left
white 1 FIG. 4 1s an envelope.

FIG. 5 schematically illustrates a transversal SAW filter
utilizing an IDT 14 having the configuration as described
above. Specifically, a second IDT 15 1s provided at a
predetermined distance from the first IDT 14 schematically

represented by the impulse train. The second IDT 15 is
constituted by a normal IDT similar to the IDT 3 in FIG. 1.

With the configuration of electrodes of the SAW filter as
shown 1 FIG. §, when a surface wave 1s excited with the
IDT 15 serving as the input IDT, for example, the excited
surface wave propagates toward the IDT 14. In this case,
there has been a problem in that diffraction prevents char-
acteristics from being reproduced in suflicient correspon-
dence to the impulse train schematically shown 1n FIG. 3.

The preferred embodiments of the present invention have
been conceived taking the above-described problem into
consideration. FIGS. 6a and 6b schematically illustrate a
conflguration of a preferred embodiment of the present
invention.

A first preferred embodiment of the present invention will
now be described.

FIG. 6a 1s a schematic diagram 1llustrating a configuration
of an electrode of a SAW filter according to the {irst
preferred embodiment of the present invention. FIG. 6b 1s a
plan view 1illustrating the finger electrode configuration for
achieving the impulse train shown in FIG. 6a.

In the SAW filter of the first preferred embodiment
present mvention, a first IDT 24 and a second IDT 25 are
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arranged so as to be spaced from each other by a predeter-
mined distance on a surface wave substrate 2. The IDT 24
in FIG. 6a 1s represented by an impulse train like that shown
in FIG. 5. Further, the IDT 25 1s constituted by a normal IDT
similar to the conventional IDT 15. Although not shown, the

surface wave substrate 2 1s preferably configured similarly
to that of the conventional SAW filter 1 shown 1n FIG. 1.

A comparison of the finger electrode configuration of IDT
24 1n FIG. 6b and that of IDT 4 shown 1n FIG. 1 illustrates
the differences between the structure of the first preferred
embodiment of the present invention and the prior art. The
clectrode finger configuration shown in FIG. 6b creates the
impulse train shown in FIG. 6a.

As apparent from comparison between the 1impulse train
at the IDT 24 shown 1n FIG. 6a and the impulse train at the
conventional IDT 14 shown 1 FIG. 5, among impulses 27
through 34 1n the impulse train at the IDT 24 of the present
preferred embodiment which are located closer to the second
IDT 25 than an 1impulse 26 corresponding to the maximum
cross length, the 2n—th impulse counted from the impulse 26
in the O—th position has a magnitude which 1s substantially
equal to a magnitude of the (2n-1)-th impulse multiplied by
—1.0. As a result, one end of each of the impulses 27 through
34, 1.e., the upper ends of those impulses, are aligned with
the upper end of the impulse 26.

Therefore, when the IDT 25 1s functioning as the input
IDT, 1t 1s possible to reduce diffraction 1n a surface wave
excited by the IDT 25 which occurs during the propagation
to the IDT 24. In addition, the 1impulse train at the IDT 24
1s adapted and arranged so that the transmission character-
istics shown 1n FIG. 2 can be obtained. Thus, there 1s no
substantial reduction 1n the transmission characteristics.

The effect of the use of the IDT 24 shown 1n FIGS. 64 and

65 will now be described with reference to the specific result
of an experiment 1n comparison to the prior art shown 1in

FIG. S.

First, as the conventional SAW filter shown 1n FIG. §,
there 1s prepared a SAW filter wherein the first IDT 14 has
36 pairs of electrode fingers with a maximum cross length of
154, the second IDT 135 1s a normal IDT having 20 pairs of
clectrode fingers; and the central frequency 1s 36 MHz. The
surface wave substrate used 1s obtained by laminating ZnO
thin films on a glass substrate. FIG. 7 shows attenuation-
frequency characteristics of the this conventional SAW filter.

Next, a SAW flilter of the present preferred embodiment 1s
fabricated which has an IDT 24 arranged to produce an
impulse train shown 1n FIG. 64 and formed to have 36 pairs
of electrode fingers and a maximum cross length of 15 as
the first IDT and which i1s otherwise the same as the
above-described conventional SAW filter. FIG. 8 shows the
result of the measurement of the attenuation-frequency
characteristics of the SAW filter of the first preferred
embodiment of the present invention.

As apparent from the comparison between the
attenuation-frequency characteristics shown in FIGS. 7 and
8, the SAW filter of this preferred embodiment achieves
larger attenuation than the prior art in the areas indicated by
the arrows P. This 1s attributable to the reduction of the etfect
of diffraction as described above.

A second preferred embodiment of the present invention
will now be described.

In the preferred embodiment shown 1n FIGS. 6a and 6b,
cach of the impulses at the IDT 24 closer to the second IDT
25 than the impulse 26 with the maximum cross length 1s
inclined as described above, 1.¢., one end of each 1impulse 1s
aligned with one end of the maximum 1mpulse 26. In this
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second preferred embodiment, however, either end of each
impulse on both sides of the maximum impulse may be
aligned with either end of the maximum 1mpulse 26. An
example of such a configuration will be described with
reference to FIGS. 9 through 11. FIG. 9 shows an impulse
train which corresponds to the desired transmission charac-
teristics shown 1 FIG. 2 and in which each impulse 1is
inclined on both sides of the impulse at the maximum cross
length. FIG. 10 schematically 1llustrates a configuration of a
SAW filter wherein a first IDT 1s configured to provide such
an 1mpulse train.

As apparent from FIG. 10, in the SAW filter according to
the second preferred embodiment, a first IDT 44 and a
second IDT 45 are provided and arranged spaced from each
other by a predetermined distance. The second IDT 45 has
the same configuration as that of the conventional IDT 135.

In the first IDT 44, the plurality of impulses on both sides
of an 1impulse 46 at the maximum cross length are arranged
so that the 2n-th impulse has a magnitude which 1s the
magnitude of the (2n-1)-th impulse multiplied by -1.0
where the 1mpulse 46 1s the O-th 1impulse.

Specidically, both of groups of impulses 47 through 54 and
55 through 62 are inclined as illustrated. In this case, the
upper ends of the impulses 47 through 54 are aligned with
the upper end of the impulse 46 and the lower ends of the
impulses 55 though 62 are aligned with the lower end of the
impulse 46. FIG. 11 1llustrates a specific example of the first
IDT 44 having an impulse train formed as described above.
The IDT 44 shown 1n FIG. 11 1s configured as an IDT having
welghted cross lengths to achieve the impulse train shown in
FIG. 9.

A third preferred embodiment of the present invention
will now be described.

In the above-described first and second preferred
embodiments, an inclined structure 1s formed as described
above so that the 2n—th impulse has a magnitude which 1s
the magnitude of the (2n-1)-th impulse multiplied by -1.0.
The absolute value of the magnitude of the 2Zn—th impulse at
the end of the first IDT on the side of the second IDT 1is
preferably made smaller than the magnitude of the (2n-1)
—th 1mpulse multiplied by -1.0. An example of such a
configuration will be described with reference to FIGS. 12
through 15.

FIG. 12 1illustrates an impulse train corresponding to
desired transmission characteristics of a second IDT of the
third preferred embodiment of the present invention. In FIG.
12, the ends of the impulses at both ends of the impulse train
are shifted inwardly compared to the adjacent impulses by
the dimension Q on FIG. 12. FIG. 13(a) schematically
illustrates a configuration of a SAW filter according to the
third preferred embodiment utilizing a first IDT having such
an 1mpulse train.

In the SAW filter according to the third preferred
embodiment, a first IDT 64 and a second IDT 65 are
arranged so as to be spaced by a predetermined distance on
a surface wave substrate (not shown). The second IDT 65
may be configured similarly to the second IDT 15 of a

conventional SAW filter (FIG. §).

The impulses at the first IDT 64 are arranged so that the
2n—-th 1mpulse has a magnitude which 1s the magnitude of
the (2n-1)-th impulse multiplied by —1.0 where an impulse
66 at the maximum cross length 1s the O—th impulse, and an
impulse 74 at the end which 1s closest to the second IDT 65
1s made smaller than the magnitude of an 1mpulse 73
multiplied by —1.0. As a result, the upper end of the impulse
74 1s shifted inwardly on the surface wave substrate com-
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pared to the upper ends of impulses 67 through 73 by a
distance Q (see FIG. 13(b)).

The same arrangement 1s also made on impulses 75
through 82 on the other side. Specifically, the lower end of
the outermost 1impulse 82 1s positioned higher than other
impulses 75 through 81 by a distance Q.

FIG. 14 1llustrates a specific example of such an IDT 64.

According to the third preferred embodiment, excitation
of unwanted waves can be eflectively suppressed because
the upper end of the impulse 74 at the end of the first IDT
64 on the side of the second IDT 635 1s retracted mnwardly on
the surface wave substrate compared to the upper ends of the
impulses 66 through 73 by a distance Q.

A SAW filter was fabricated according to the third pre-
ferred embodiment and the attenuation-frequency character-
istics thereof were measured with the result as shown m FIG.
15. In the SAW filter thus fabricated, the first IDT 64 had 36
pairs of electrode fingers and a maximum cross length of
15X and the second IDT 65 had a normal electrode structure
and 20 pairs of electrode fingers. The filter was formed as a
SAW filter having a central frequency of 36 MHz, and the
surface wave substrate used was obtained by laminating
Zn0O thin films on a glass substrate.

As apparent from FIG. 15, according to the third preferred
embodiment, the configuration of the impulse 74 at the end
of the first IDT 64 on the side of the second IDT 65 as
described above suppresses unwanted waves, and a sufli-

cient amount of attenuation 1s achieved at the frequencies
indicated by the arrows Y 1 FIG. 15.

Although the 1mpulse 82 at the end of the IDT 64 opposite
to the end where the 1mpulse 74 exists 1s smaller than the
magnitude of the (2n-1)-th impulse multiplied by -1.0 in
the third preferred embodiment, this 1mpulse 82 may be
configured similarly to 1ts counterparts in the first and
second preferred embodiments.

A fourth preferred embodiment of the present invention
will now be described.

FIG. 16 1s a schematic configuration diagram 1llustrating,
the structure of an electrode of a SAW filter according to a
fourth preferred embodiment of the invention.

In the fourth preferred embodiment, inclined structures
are provided on both sides of an impulse 86 at the maximum
cross length of a first IDT 84 as in the above-described
second preferred embodiment. The fourth preferred embodi-
ment 1s the same as the second preferred embodiment except
that a plurality of impulses 95 through 102 provided farther
from a second IDT 85 than the maximum 1mpulse 86 are
inclined so that the upper ends thereof are aligned with the
upper end of the impulse 86. A plurality of impulses 87
through 94 provided closer to the second IDT 85 than the
maximum 1mpulse 86 are configured similarly to those 1n the
second preferred embodiment.

As described above, according to the fourth preferred
embodiment, the above-described inclined structure accord-
ing to the preferred embodiments of the present invention
needs not be applied to the plurality of 1impulses provided
farther from the second IDT 85 than the maximum impulse
86, and cither of the upper and lower ends of each impulse
may be aligned with the upper or lower end of the maximum
impulse.

As described above, according to the preferred embodi-
ments of the present invention, an 1impulse train at a first IDT
1s arranged so that the impulse in the 2n-th position counted
from the maximum 1mpulse at the O-th position toward or
away Ifrom a second IDT has a magnitude which 1s the

5

10

15

20

25

30

35

40

45

50

55

60

65

3

magnitude of the (2n—1)-th impulse multiplied by —1.0. This
makes 1t possible to reduce the effect of diffraction associ-
ated with the propagation of surface waves, allowing pref-
erable attenuation-frequency characteristics to be obtained
without increasing the size of the substrate. Especially, the
attenuation at attenuation poles 1n the vicinity of the pass
band can be sufficiently increased.

It 1s therefore possible to provide a SAW filter capable of
achieving desired attenuation-frequency characteristics
without increasing the size of the surface wave substrate and
the cost.

Further, when the 2n-th impulse at the end close to the
second IDT 1s made smaller than the magnitude of the
(2n-1)-th impulse multiplied by -1.0, one end of the
impulse at the end 1s retracted inwardly on the surface wave
substrate compared to one end of the maximum i1mpulse.
This makes 1t possible to effectively suppress the excitation
of unwanted waves at the end of the first IDT, thereby
allowing the attenuation-frequency characteristics to be fur-
ther improved.

It 1s noted that the exact electrode configurations corre-
sponding to the second, third and fourth embodiments for
achieving the impulse trains shown i FIGS. 10, 13 and 16
are not shown 1n a figure similar to FIG. 6b. These drawings
have been omitted 1n the 1nterest of brevity and because one
of ordinary skill in the art given the desired inventive
impulse trains shown 1n FIGS. 10, 13 and 16 would know
how to configure the finger electrode configuration to
achieve the respective desired impulse trains.

While preferred embodiments of the invention have been
disclosed, various modes of carrying out the principles
disclosed herein are contemplated as being within the scope
of the following claims. Therefore, it 1s understood that the
scope of the invention 1s not to be limited except as
otherwise set forth 1 the claims.

What 1s claimed 1s:

1. A surface wave filter, comprising:

a surface wave substrate;

a first interdigital transducer provided on the surface wave
substrate;

a second interdigital transducer provided on the surface
wave substrate; wherein

the first interdigital transducer i1s arranged to create an
impulse train including a maximum impulse and a
plurality of smaller impulses, the plurality of smaller
impulses 1ncluding a first group of smaller impulses
located closer to the second interdigital transducer than
the maximum 1mpulse and a second group of smaller
impulses located further away from the second inter-
digital transducer than the maximum 1mpulse, all but a
first smaller 1mpulse of the first group of smaller
impulses having one end aligned with one end of the
maximum Impulse.

2. The surface wave filter according to claim 1, wherein
the first interdigital transducer i1s arranged to create the
impulse train having a main lobe but no side lobe.

3. The surface wave filter according to claim 2, wherein,
except for the first smaller impulse, a smaller impulse
located 1n the 2n-th position from the maximum impulse in
the O-th position of the impulse train has a substantially
equal but opposite magnitude as compared to a magnitude of
a (2n-1)—th smaller impulse, where n is a natural number.

4. The surface wave filter according to claim 1, wherein
the second smaller 1impulse i1s located further from the
maximum 1mpulse than the remaining impulses of the
second group of smaller impulses.
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5. The surface wave filter according to claim 4, wherein
the first interdigital transducer i1s arranged to create the
impulse train having a main lobe but no side lobe.

6. The surface wave filter according to claim 5, wherein,
except for the first and second smaller impulses, a smaller
impulse located 1n the 2n-th position from the maximum
impulse 1n the O-th position of the impulse train has a
substantially equal but opposite magnitude as compared to a
magnitude of a (2n-1)-th smaller impulse, where n is a
natural number.

7. The surface wave filter according to claim 1, wherein
all but a second smaller impulse of the second group of
smaller impulses have one end aligned with one end of the
maximum impulse.

8. The surface wave filter according to claim 7, wherein
the first interdigital transducer i1s arranged to create the
impulse train having a main lobe but no side lobe.

9. The surface wave filter according to claim 8, wherein,
except for the first and second smaller impulses, a smaller
impulse located 1n the 2n-th position from the maximum

10
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impulse 1n the O0-th position of the impulse train has a
substantially equal but opposite magnitude as compared to a
magnitude of a (2n-1)-th smaller impulse, where n is a
natural number.

10. The surface wave filter according to claim 1, wherein
the first smaller impulse 1s located closer to the second
interdigital transducer than the remaining impulses 1n the
first group of smaller 1impulses.

11. The surface wave filter according to claim 10, wherein
the first interdigital transducer i1s arranged to create the
impulse train having a main lobe but no side lobe.

12. The surface wave filter according to claim 11,
wherein, except for the first smaller impulse, a smaller
impulse located in the 2n-th position from the maximum
impulse 1n the O0-th position of the impulse train has a
substantially equal but opposite magnitude as compared to a
magnitude of a (2n-1)-th smaller impulse, where n is a
natural number.
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